Abstract. Investigation to determine the feasibility of containment of spilled petroleum in soil or near surface mineral matter, using finely-divided, heatactivated sub-bituminous coal as a sorbent and binder, has begun. Cylindrical samples (75mm diameter x 150 mm height) prepared separately from organic-rich soil and an underlying silt-clay horizon, both typical of substrates in the central Alaskan zone of the Trans-Alaska petroleum pipeline, were studied, along with a well-sorted sand (used in concrete-making) as a reference material. Downward permeation of run-of-pipeline crude petroleum through the organic soil, clay-rich subsoil, and sand, at one hour, eight hour, and 24 hour intervals, with and without a 30-minute delayed topical application of fine coal, is determined. Direct adsorption of the crude petroleum and formation of coal-oil agglomerates occurs when supernatant oil remains on the sample surface (as in the case of the clay-rich substrate). Wicking and partial adsorption occurs if the crude petroleum has migrated below the sample surface. Separation of the coal-oil agglomerate may be possible by simple mechanical means -or if necessary, by froth flotation -to yield a value-added fuel which can be briquetted for ease of handling. Phase One of this study, reported here, addresses phenomena at ambient indoor temperature. Phase Two will address similar phenomena under frozen conditions, typical of Alaskan continuous and discontinuous permafrost zones. Phase Three will address the absorption of oil remaining in the substrate long after an oil spill or leak has occurred. Additional
Introduction
As a consequence of transportation of crude petroleum via pipeline, rail, or highway, leakage or accidental spills are of concern not only because of loss of the petroleum but because of environmental contamination -especially of surface and ground waters. Two purposes of this investigation are:
1. to discover transport phenomena relating to the movement of crude petroleum through a typical organic-rich surface soil horizon in central Alaska, and the immediately-underlying horizon consisting of clay and organic matter.
2. to determine the effectiveness of reducing the migration of spilled crude petroleum through soil horizons by applying finely-divided activated sub-bituminous coal as a sorbent / agglomerating agent. Although other sorbents are commonly in use, the oleophilic nature of coal and experience to date with coal-oil agglomeration (Capes, 1991; Arnold, 1993; Hower et. al., 1997) suggest that finely divided coal might be an effective binder for crude oil.
Moreover, the recovery and separation of agglomerated coal / oil from a soil substrate (by ordinary excavation if possible, or by froth flotation if necessary) potentially can yield a value-added fuel.
The investigation is being conducted in three phases:
Phase One -under indoor ambient temperature conditions (T = 20 +/-2 degrees C) Phase Two -under subarctic winter conditions (air temperature range minus 10 to minus 30 degrees C; soil temperature range 0 to minus 15 degrees C) Phase Three -under outdoor ambient conditions, to determine the uptake and holding properties of finely-divided, activated coal for oil that has been in the soil for a length of time (cf.
freshly-spilled oil).
Preliminary results of Phase I are reported here. It is anticipated that freezing conditions in the substrate will inhibit the movement of crude petroleum due to increased viscosity of the crude and the coalescence of wax fractions. Inhibited movement is favored from the pollution control standpoint.
Experimental

Materials
Soils typical of Central Alaska, sampled within 25 km of Fairbanks, AK -namely a surface layer containing dark organic vegetative matter, and an immediately-underlying organic clayrich horizon -were obtained for the tests (see Figure 1 ). This series of tests was repeated a second time, with the application of 11.8 grams of activated fine coal to the top surface of the sample at a time interval 30 minutes after initial oil inoculation. Thirty minutes was deemed the mean minimum response time for application of the powdered coal sorbent after the occurrence of a spill. 11.8 grams corresponds to equal-volume application of powdered coal to spilled crude oil, i.e. 0.5 cm depth.
The depth and pattern of penetration of crude oil in each test constitute a data set in which the independent variables were:
soil type time of penetration fine coal sorbent addition ( yes / no ) and the dependent variable was penetration (and pattern) of oil permeation.
Observations
Permeation of the crude oil into the sand and upper (dark organic) soil samples occurred rapidly in all cases. Permeation into the lower (clay plus organic) soil samples was markedly less (see Figure 5) ; in most cases, supernatant remained even after 24 hours, and was removed by a paper-towel absorbent (weight difference being noted before and after absorbtion for quantity estimate).
When finely divided coal was applied (in all cases, 30 minutes after crude oil inoculation), a wicking phenomenon in which the coal acquired a damp appearance occurred within one minute for the sand samples, and within two to three minutes for the upper (organic) soil samples. For the lower (clay-organic) soil samples, the supernatant oil formed a slurry or paste with the coal.
The slurry either congealed to a semi-solid top layer, or was absorbed as a viscous liquid prior to slicing the sample for inspection.
In the case of the relatively-impermeable lower, clay-rich soil, channeling of the supernatant oil to the bottom of the sample along fissures in the soil at the cylinder wall occurred in approximately 30% of the lower soil tests. This phenomenon is estimated to reflect what will occur under natural conditions; i.e. fissures will probably occur in the lower soil horizon, and the oil will find downward migration pathways. The agglomeration of oil by finely divided coal will reduce the net downward migration. Consolidated results of the tests are listed in Table 1 . Figure   6 illustrates the comparative penetrations of crude oil in the various substrates with and without the addition of activated coal.
Recovery of the discrete coal oil paste or slurry at the top of each sample, for quantitative determination of crude oil retained, remains a challenge. However, the capture of oil by the coal was distinct. This important item will be addressed prior to the Phase Two test series, in which frozen conditions are an added parameter. Notes: a. not clearly discernable; most of oil had agglomerated in coal b. approx. 16 ml. oil (73% of total) removed as supernatant after 8 hr. c. an estimated 15 ml. (68% of total) oil had channeled down side of cylinder to bottom d. approx. 11 ml. (50% of total) coal/oil mixture removed as supernatant after 1 hr. e. 4.9 cm. penetration through channel on one side of cylinder; most of oil absorbed by coal f. 9.2 cm. penetration through channel; most of oil had agglomerated in coal 
Discussion
As a method for amelioration of oil spills, it is envisioned that a supply of nominally minus 10 mm coal would be kept available in the vicinity (say, within 10 km) of potential spill locations, and that devices for transporting the coal to the site, heat-activating the coal (probably by microwave energy), pulverizing, and pneumatically distributing the coal at the spill site (all of which are technically-feasible) could be assembled. Explosion potential for such a system could be averted by inert gas generation, e.g., carbon dioxide from an accompanying combustion source. The use of finely-divided coal as a sorbent and binder will depend on:
time required to apply the sorbent after the spill has occurred permeability and surface chemistry of the substrate temperature and heat transfer conditions of the oil and substrate amount and phase of moisture in the substrate
Each of these items is an objective of current investigation.
The merits of coal, versus other sorbents (example: bentonite or cellulose products) are that finely-divided coal appears to have superior wicking power, coal is oleophilic, and the resulting coal-oil agglomerates can potentially be separated and briquetted as a value-added fuel rather than another waste product requiring disposal.
Conclusions
Initial tests on permeation of crude petroleum through typical interior Alaskan soil types plus a reference sand, at indoor ambient temperatures, indicate uniform permeation patterns for the surface layer (a dark vegetative mat) and sand, and low transmission or channeling for the secondary layer (clay plus organic matter). 
